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Abstract  26 
Objective: To evaluate the effects of exercise on cancer-related lymphedema and related 27 
symptoms, and to determine the need for those with lymphedema to wear compression during 28 
exercise.  29 
Data Sources: CINAHL, Cochrane, Ebscohost, MEDLINE, Pubmed, ProQuest Health and 30 
Medical Complete, ProQuest Nursing and Allied Health Source, Science Direct and 31 
SPORTDiscus databases were searched for trials published prior to 1 January, 2015. 32 
Study Selection: Randomised and non-randomised, controlled trials, and single group pre-33 
post studies published in English-language were included. Twenty-one (exercise) and four 34 
(compression and exercise) studies met inclusion criteria. 35 
Data Extraction: Data was extracted into tabular format using predefined data fields by one 36 
reviewer and assessed for accuracy by a second reviewer. Study quality was evaluated using 37 
the Effective Public Health Practice Project assessment tool.  38 
Data Synthesis: Data was pooled using a random effects model to assess the effects of acute 39 
and long-term exercise on lymphedema and lymphedema-associated symptoms, with 40 
subgroup analyses for exercise mode and intervention length. There was no effect of exercise 41 
(acute or intervention) on lymphedema or associated symptoms with standardised mean 42 
differences from all analyses ranging between −0.2 and 0.1 (p-values ≥0.22).  Findings from 43 
subgroup analyses for exercise mode (aerobic, resistance, mixed, other) and intervention 44 
duration (>12 weeks or ≤12 weeks) were consistent with these findings; that is, no effect on 45 
lymphedema or associated symptoms. There were too few studies evaluating the effect of 46 
compression during regular exercise to conduct a meta-analysis.   47 
Conclusions: Individuals with secondary lymphedema can safely participate in progressive, 48 
regular exercise without experiencing a worsening of lymphedema or related-symptoms. 49 
However, the results also do not suggest any improvements will occur in lymphedema. At 50 
present, there is insufficient evidence to support or refute the current clinical recommendation 51 
to wear compression garments during regular exercise. 52 
Key Words: cancer, exercise, lymphedema, lymphoedema, weight-lifting. 53 
  54 
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Introduction 55 
There is compelling evidence demonstrating benefits of exercise after cancer, including 56 
improvements in quality of life, fitness, function and potentially survival [1, 2]. As a result, 57 
regular participation in exercise is promoted and endorsed by major cancer organisations 58 
throughout the world, as well as clinical and allied health professional associations [2]. 59 
Despite this widespread endorsement of exercise post-cancer, many survivors decrease 60 
exercise and physical activity levels following treatment, and fail to return to pre-cancer 61 
levels after treatment [2-4]. A sub-group at particular risk of experiencing a decline in 62 
exercise and physical activity are individuals who develop cancer-related lymphedema [5, 6]. 63 
Lymphedema is a pathological swelling of limbs or other body parts associated with pain, 64 
heaviness, tightness and other symptoms [7]. Lymphedema may progress in severity over 65 
time from mild, pitting oedema to severe oedema which may be accompanied with fibrosis 66 
and other complications, such as cellulitis [8, 9]. Cancer-related lymphedema occurs due to 67 
obstructed or disrupted lymph flow, which may result from the presence of a tumour, or due 68 
to trauma or damage to the lymphatic system as a consequence of cancer treatment [10, 11]. 69 
Lymphedema risk factors related to cancer and its treatment include more extensive surgery 70 
(e.g., mastectomy versus lumpectomy), more extensive lymph node dissection (e.g., axillary 71 
lymph node dissection versus sentinel lymph node biopsy), greater number of positive lymph 72 
nodes, higher stage of cancer, and treatment with chemotherapy or radiotherapy [12-15]. 73 
Compared with cancer survivors without lymphedema, those who develop lymphedema 74 
report a significantly lower quality of life and are more likely to experience psychosocial 75 
effects such as depression, anxiety, frustration, distress, disturbances in relationships and 76 
social avoidance, as well as functional limitations [16, 17]. As such, lymphedema also has an 77 
adverse and significant societal cost [18].  78 
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Lymphedema is estimated to occur in approximately 20% of breast cancer survivors [14] and 79 
between 10−40% of gynaecological, melanoma and head and neck cancer survivors [19].  80 
Previous clinical guidelines for those with lymphedema provided cautionary advice regarding 81 
use of the affected limb [20]. This included avoiding strenuous and repetitive exertion of the 82 
affected limb, and to wear a compression garment during any bout of exercise [20-22]. 83 
Guidelines were based on the principle that repetitive or strenuous use of the affected limb 84 
would increase interstitial fluid production, and lead to a worsening of swelling [23]. 85 
Evidence regarding the role of exercise in cancer-related lymphedema has predominantly 86 
focused on upper-limb lymphedema, with very limited research involving lower-limb 87 
lymphedema. Evidence from cohort studies and randomised, controlled trials (RCTs) 88 
involving women at-risk of developing breast cancer treatment-related lymphedema highlight 89 
that being physically active is associated with a reduced risk of lymphedema [14, 24-26]. 90 
Several exercise trials, including at least one large RCT have been conducted over the past 91 
decade to assess the effect of exercise for individuals with cancer-related lymphedema. While 92 
there exists reviews on exercise and lymphedema, to date these have focussed solely on 93 
breast cancer survivors at-risk of lymphedema (i.e., without a clinical diagnosis of 94 
lymphedema) [27]; have evaluated treatment strategies to improve quality of life outcomes in 95 
those with cancer-related lower-limb lymphedema [28] and; have evaluated various forms of 96 
physical therapy such as passive mobilisation and stretching on upper-limb pain and range of 97 
motion following cancer [29]. Therefore, the purpose of this systematic review and meta-98 
analysis was to summarise evidence from randomised and non-randomised controlled trials, 99 
and single-group pre-test post-test comparisons of: 1) the short and longer term effects of 100 
acute exercise (i.e., single bouts) and exercise training (i.e., regular exercise), as well as 101 
different exercise modes on all forms of cancer-related lymphedema and its associated 102 
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symptoms; and 2) the effects of wearing compression during exercise in individuals with all 103 
forms of cancer-related lymphedema.  104 
Methods 105 
Search strategy and selection criteria 106 
This paper reports the methods and findings from two separate literature reviews. Review one 107 
identified studies that evaluated the effects of exercise for individuals with diagnosed 108 
lymphedema, secondary to cancer. Review two identified studies that evaluated the effect of 109 
compression use during exercise on cancer-related lymphedema. The eligibility criteria were 110 
established using the PICO framework (participants, intervention, comparator, and outcome) 111 
[30] for Review One as follows: Participants: studies involving participants with clinically 112 
diagnosed cancer-related upper- or lower-limb lymphedema were eligible for inclusion. 113 
Studies comprised solely of participants considered ‘at-risk’ or without a clinical diagnosis of 114 
lymphedema were excluded; Intervention: Studies that included a form of exercise, which 115 
was reported as ‘resistance-based’ (i.e., weight-lifting, resistance exercise or resistance 116 
training), ‘aerobic-based’ or ‘other exercise’ were included. ‘Other exercise’ was considered 117 
a form of active exercise that: 1) was not specified as aerobic or resistance-based; and 2) did 118 
not constitute a component of complete decongestive therapy-based exercise (a common 119 
form of lymphedema treatment). Studies that assessed the effects following single bouts of 120 
exercise or exercise interventions (e.g., 4 weeks or longer of regular exercise training) were 121 
included. Acute exercise studies were considered studies in which single bouts of exercise 122 
were performed and the short-term effect on lymphedema was assessed following the bout of 123 
exercise (i.e., immediately post- and up to 72 hours post-exercise). Intervention studies were 124 
considered studies that involved more than one bout of exercise. That is, they involved 125 
regular exercise training (e.g., 4 weeks or longer) with lymphedema assessed pre- and post-126 
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intervention. Studies that involved exercise in addition to other interventions were excluded if 127 
the effects of exercise could not be isolated. RCTs, non-randomised, controlled trials, and 128 
single group pre-post studies were included; Comparators: Studies comparing exercise to 129 
either: no exercise; a different mode of exercise, including exercise performed at a different 130 
dose or intensity; usual care; other intervention; and single group studies with no comparison 131 
intervention were included. Outcomes: Studies involving the assessment of lymphedema 132 
(limb swelling) with or without lymphedema-related symptoms of the affected limb−pain, 133 
heaviness and tightness−were included. There was no exclusion criteria on the methods used 134 
to assess lymphedema or lymphedema-related symptoms.  135 
Review two had the same eligibility criteria as Review one for Participants, Intervention and 136 
Outcomes. However, for Comparators in Review two−Studies, in which exercise was 137 
performed with, compared to without compression were eligible for inclusion.  138 
Studies were identified through a database search of CINAHL, Cochrane, Ebscohost, 139 
MEDLINE, Pubmed, ProQuest Health and Medical Complete, ProQuest Nursing and Allied 140 
Health Source, Science Direct and SPORTDiscus. Database searches were limited to peer-141 
reviewed scholarly journal articles published in English-language prior to 1 January, 2015. 142 
To obtain articles meeting the eligibility criteria, a title and keyword search was conducted. 143 
Title and keyword search terms for Review one were ‘lymphoedema or lymphedema’ AND 144 
‘exercise or physical or aerobic or resistance or training or fitness or strength or weight 145 
lifting’. Search terms for Review two were ‘lymphoedema or lymphedema’ AND ‘exercise or 146 
physical or aerobic or resistance or training or fitness or strength or weight lifting’ AND 147 
‘compression’.  148 
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Data extraction and management 149 
All identified articles using the search strategy were evaluated for inclusion by one 150 
investigator (BS). Eligibility was based on the inclusion and exclusion criteria, which were 151 
developed a priori (described above). Articles not meeting eligibility criteria were excluded 152 
using several steps. A manual search of reference lists from identified original and review 153 
articles was also undertaken. First, titles of all identified records using the search strategy 154 
were screened for potential eligibility and articles deemed not to be potentially eligible were 155 
excluded. Abstracts of remaining records were retrieved and screened for potential eligibility, 156 
with removal of records that were not considered potentially eligible. The full-texts of 157 
remaining records were retrieved and screened to determine whether the study met inclusion 158 
criteria. Relevant study, exercise, participant characteristics and outcomes from the included 159 
articles were extracted into tabular format using predefined data fields by one reviewer (BS) 160 
and assessed for accuracy by the second author (TD). Differences were resolved through 161 
discussion between the two authors. Study characteristics included authors, country, year of 162 
publication, number of participants, time since lymphedema diagnosis, exercise mode, 163 
compression details (i.e., pressure and extent of use), study duration and design were 164 
extracted. Exercise details included mode of exercise, intensity and duration. Participant 165 
characteristics included time since cancer and lymphedema diagnosis, time since completion 166 
of treatment, type of cancer and treatment and lymphedema type and severity. Outcome data 167 
included assessments of lymphedema and associated symptoms of the affected arm 168 
(including circumferences, bioimpedance spectroscopy [BIS], perometry, water 169 
displacement, self-report symptom severity, and visual analogue scales [VAS]). Means and 170 
standard deviations (SDs) or medians and range from pre- and post-exercise (all acute 171 
studies), baseline and post-intervention (all intervention studies), and post-intervention for 172 
exercise and control groups (RCTs and non-randomised, controlled trials) were extracted.  173 
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For Review one, studies were grouped as either acute studies or intervention studies. Acute 174 
and intervention studies were further classified into subgroups based on exercise mode into 175 
one of four categories: 1) ‘resistance exercise’ studies; 2) ‘aerobic exercise’ studies; 3) 176 
‘mixed exercise’ studies (combined resistance and aerobic), and; 4) ‘other exercise’ (e.g., 177 
water-based exercise) studies. The Effective Public Health Practice Project (EPHPP) quality 178 
assessment tool [31] was used to assess study quality and risk of bias. This tool was 179 
considered appropriate as it allows the methodological quality of various study types and 180 
designs to be appraised. Using the EPHPP tool [31], individual studies were rated as weak, 181 
moderate or strong, independently by two investigators (BS and TD) in the components of 1) 182 
selection bias, 2) study design, 3) confounders, 4) blinding, 5) data collection methods and 6) 183 
withdrawals and drop-outs. Discrepancies were resolved through discussion between the two 184 
authors. The National Health and Medical Research Council (NHMRC) levels of evidence 185 
and grades for recommendations [32] were then used to classify the overall level of evidence 186 
for short (acute studies) and longer term (intervention studies) exercise, the four modes of 187 
exercise and the effects of compression garment use during exercise. Grades of 188 
recommendations (Grade A, B, C or D) were based on: 1) the evidence base, in terms of the 189 
number of studies, level of evidence and quality of studies (risk of bias); 2) the consistency of 190 
the study results; 3) the potential clinical impact of the proposed recommendation; 4) the 191 
generalisability of the body of evidence to the target population; and 5) the applicability of 192 
the body of evidence to a healthcare context [32]. Based on the ratings in each of these 193 
components, the four grades of recommendation were, A: Body of evidence can be trusted to 194 
guide practice; B: Body of evidence can be trusted to guide practice in most situations; C: 195 
Body of evidence provides some support for recommendation but care should be taken in its 196 
application; D: Body of evidence is weak and recommendation must be applied with caution 197 
[32] (See Supplementary Web Resource 1 for further details). 198 
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Statistical analysis 199 
This meta-analysis combined data at the study level. The primary outcome variable was 200 
lymphedema, while secondary outcomes were lymphedema-associated symptoms (pain, 201 
heaviness and tightness) of the affected limb. To allow comparison of data from different 202 
scales, pooled statistics were calculated using standardised mean differences (SMD), which 203 
was computed using RevMan software (Version 5.3, Cochrane Collaboration). Means and SD 204 
prior to, and after exercise for the exercise and control groups (when relevant) were used to 205 
compute SMD. If appropriate, estimated effect size was calculated if the outcome variable 206 
was reported in ≥ 2 studies. If means and SD were not available, authors were contacted (n=3 207 
were contacted, and n=2 responded) or, mean and/or SD were estimated from reported data 208 
(e.g., median and range) using formulas [33, 34]. If authors could not be contacted and mean 209 
or SD could not be estimated (due to data being reported in graph format only), the study was 210 
not included in the meta-analyses (n=1 from Review one). When two or more methods of 211 
assessing lymphedema were used in one study, the method defined by the authors as being 212 
the ‘gold standard’ or ‘the most accurate’ was used for the meta-analysis.   213 
All outcomes were continuous. Outcomes were pooled across studies and analysed using a 214 
random effects model for each of the following outcomes: 1) data collated from all eligible 215 
acute studies obtained from Review one; 2) data collated from all eligible intervention studies 216 
obtained from Review one; 3) data collated from RCTs and non-randomised, controlled trials 217 
only (Review one), and 4) exercise and compression studies (Review two). A random effects 218 
model was used because it involves the assumption of statistical heterogeneity across studies 219 
[35]. Data was pooled from studies and included in relevant meta-analyses when applicable.  220 
Separate meta-analyses were performed for acute and intervention studies to assess the 221 
immediate and longer-term changes in lymphedema, respectively. This involved pooling of 222 
means and SD assessed before (pre-exercise or baseline) and after exercise (post-exercise or 223 
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post-intervention) in the exercise groups (Review one). To compare the effects of exercise to 224 
control conditions, meta-analysis of RCTs and non-randomised, controlled trials involved 225 
pooling of post-intervention means and SD of the exercise and control groups (Review one). 226 
For acute studies that involved multiple post-exercise assessments (i.e., immediately, 24-227 
hours and 48-hours post-exercise), the immediate post-exercise time point was used to 228 
calculate effect size. Separate meta-analyses were conducted for other post-exercise time 229 
points (i.e., 24 hours post-exercise), if suitable. Meta-analysis limited to RCTs and non-230 
randomised, controlled trials involved using the post-intervention means and SD of the 231 
exercise and control groups. Heterogeneity was assessed between studies using the I2 statistic 232 
to quantify the proportion of the total outcome attributed to variability among studies [36]. 233 
The following values were used:  I2 = 0–30% (no heterogeneity); I2 = 30–49% (moderate 234 
heterogeneity); I2 = 50–74% (substantial heterogeneity); and I2 = 75–100% (considerable 235 
heterogeneity) [25]. Studies were not pooled if heterogeneity was evident and could be 236 
explained by clinical dissimilarities. Publication bias was assessed using funnel plots if at 237 
least 10 studies were included in a meta-analysis [35]. SMDs and corresponding standard 238 
errors were plotted against each other, and asymmetries or missing sections within the funnel 239 
plot were assessed to determine the presence of publication bias [37]. Pre-specified 240 
sensitivity analyses were performed to explore if study quality (strong versus weak) 241 
influenced overall SMD for each outcome. Physical and physiological adaptations to exercise 242 
are known to be influenced by exercise mode and intervention length. Therefore, pre-243 
specified subgroup analyses of exercise mode (aerobic, resistance, mixed and other) and 244 
intervention length (>12 weeks or ≤12 weeks) were performed to assess whether summary 245 
effects varied in relation to these characteristics. We also performed subgroup analyses of 246 
lymphedema-related symptoms (pain, heaviness and tightness) to evaluate if these common 247 
symptoms responded differently to exercise. Standardised classifications for the magnitude of 248 
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effect were used: 0.20 representing a small effect; 0.50 representing a medium effect; and 249 
0.80 representing a large effect [38]. Meta-analyses were performed using RevMan (Version 250 
5.3, Cochrane Collaboration).  251 
The principal summary measure was the difference in means from pre- to post-exercise for all 252 
studies including randomised, non-randomised and pre-post intervention trials and the 253 
difference in means between exercise and control groups for RCTs and non-randomised, 254 
controlled trials. Therefore, SMD was computed using either: 1) pre- and post-exercise means 255 
and SD or; 2) post-exercise means and SD of the exercise and control groups. In the analyses 256 
of RCTs and non-randomised, controlled trials, no study reported significant baseline 257 
differences in lymphedema between exercise and control groups, therefore post-exercise 258 
means were considered appropriate. Two studies involved two exercise intervention arms 259 
(high- and low-load exercise) [39, 40] and a control group therefore means and SD from both 260 
exercise groups (high- and low-load exercise) were combined using recommended formulas 261 
[34] for the meta-analysis. For all outcomes in Review one meta-analysis, negative SMD 262 
values favour exercise. For review two, negative SMD values favour the use of compression 263 
during exercise. 264 
Results 265 
Literature search 266 
Figures 1 and 2 outline the steps taken in identifying the 21 and four full-text articles 267 
(following Searches 1 and 2, respectively) included in this systematic review and meta-268 
analysis. For Search 1, a total of 3,517 articles were retrieved after a search of databases with 269 
1189 articles remaining after screening and removing duplicates (Figure 1). Eight-hundred 270 
and eighty-seven (n=887) articles were removed after screening of titles, and 302 remained. 271 
The abstracts of these 302 articles were assessed for eligibility for inclusion in the review, 272 
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with 223 subsequently excluded. Seventy-nine (n=79) full-text articles were retrieved and 273 
examined, and 58 abstracts excluded (see Figure 2 with reasons for exclusion). Twenty-one 274 
(n=21) full-text articles remained and were included in the systematic review. For Search 2, a 275 
total of 1256 articles were retrieved after a search of databases and 643 articles remained 276 
after screening and removing duplicates (Figure 2). Four-hundred and nine (n=409) articles 277 
were removed after screening of titles, and 234 remained. The abstracts of these 234 articles 278 
were assessed for eligibility for inclusion in the review, with 202 subsequently excluded. 279 
Thirty-two (n=32) full-text articles were retrieved and examined, and twenty-eight (n=28) 280 
abstracts excluded (see Figure 2 with reasons for exclusion). Four (n=4) full-text articles 281 
remained and were subsequently deemed eligible for inclusion in the systematic review. 282 
Study quality ratings of all included studies are shown in Table 1. There was substantial 283 
agreement for inter-rater reliability (κ = 0.81). 284 
 285 
Study Characteristics– Review one 286 
Characteristics of the 21 included studies for Review one are shown in Table 2. Almost all 287 
(95%, n=20) studies included women with unilateral breast cancer-related lymphedema; one 288 
study involved male and female participants with lower-limb lymphedema. Most (86%, 289 
n=18) had a sample size of 60 participants or less. About half of the studies (n=10) evaluated 290 
resistance-based exercise (alone or in combination with aerobic-based exercise). 291 
Approximately 50% (n=12) of studies evaluated the effects of an exercise intervention of 292 
between 8 weeks and 12 months in duration, whereas the remaining nine studies evaluated 293 
the acute effects of a single exercise bout (Table 3). Seven of the intervention studies were 294 
RCTs or non-randomised, controlled trials of varying quality (ratings of ‘moderate’ [n=3] to 295 
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‘strong’ [n=4]) comparing exercise (resistance, aerobic, mixed and other) to no exercise, 296 
usual care or continued habitual and/or physical activity.  297 
Study Characteristics- Review two  298 
Four [41-44] randomised trials assessing the effect of compression use during exercise were 299 
included in this review (Table 4). All four studies involved women with unilateral breast 300 
cancer-related lymphedema and study quality ratings ranged from ‘weak’ (n=2) to ‘strong’ 301 
(n=1). Three studies involved a cross-over design, whereby the sample performed two, single 302 
bouts of exercise, one bout while wearing a compression garment and one without, in a 303 
randomised order [41-43]. One study was a six-month RCT in which participants were 304 
randomised to exercise only or exercise plus compression. All studies (n=4) involved upper-305 
body exercise; two [41, 43] involved arm movements using a table mounted pulley system 306 
and two studies [42, 44] involved resistance exercise. Garment pressures included 23−32 307 
mmHg [42], 40mmHg [44], or were not specified [41, 43]. One study [42] reported that the 308 
compression garments were specialist-fitted.  309 
Change in lymphedema following a single bout of exercise (Review one): All acute 310 
studies involved women with unilateral breast cancer-related lymphedema [39, 45-52]. 311 
Sample sizes ranged from 10 to 133 participants. All studies involved performing single 312 
bouts of exercise and changes in lymphedema were evaluated from pre-, immediately post- 313 
(n=9), 30 minutes post- (n=1), 24 hours post- (n=3) and 72 hours post-exercise (n=1). Five 314 
studies reported statistically significant reductions in arm volume immediately post-exercise, 315 
compared to pre-exercise values [45, 47, 48, 51, 52] and four studies reported no significant 316 
change [39, 46, 49, 53]. Pooled data involving 227 participants showed no significant change 317 
in lymphedema immediately following a single bout of exercise (n=9 studies, SMD=0.1, 95% 318 
CI =−0.3, 0.1; P=0.42; I2=0%) (Figure 3). Subgroup analyses showed no difference in the 319 
13 
 
effect of exercise mode (Figure 3). Pooled analysis of three acute studies (n=78 participants) 320 
showed no change in lymphedema 24 hours following exercise (SMD=0.0, 95% CI =−0.3, 321 
0.3; P=0.99; I2=0%).  322 
Change in lymphedema following regular (8 weeks or longer) exercise training (Review 323 
one): All but one [63] of the intervention studies included women with unilateral breast 324 
cancer-related lymphedema [40, 53-62]. One study involved male and female participants 325 
with cancer-related lower-limb lymphedema (types of cancer included bladder, cervical, 326 
endometrial, melanoma and uterine) [63]. Sample sizes ranged from six to 141 participants, 327 
and intervention durations ranged from eight weeks to one year. Eight studies reported no 328 
change in lymphedema from baseline to post-intervention [40, 54, 56-60, 63], while four 329 
studies reported statistically significant reductions in lymphedema [55, 57, 61, 62]. No 330 
intervention study reported a significant worsening of lymphedema with regular exercise. 331 
Pooled analysis of 11 of 12 intervention studies, involving 283 participants showed that 332 
performing regular exercise had no significant effect on lymphedema from pre- to post-333 
intervention (SMD=−0.1, 95% CI=−0.3, 0.4; P=0.34; I2=0 %) (Figure 4). Sub-group analyses 334 
of intervention studies by exercise mode (aerobic, resistance, mixed and other) are shown in 335 
Figure 4. No significant effects for any mode were observed. Sub-group analyses of 336 
intervention studies by intervention length, showed no significant difference in change in 337 
lymphedema following interventions lasting ≤12 week (n=7 studies, n=137 participants, 338 
SMD=−0.1, 95% CI=−0.4, 0.1; P=0.34; I2=0%) compared to interventions >12 weeks, up to 339 
one year (n= 4 studies, n= 146 participants, SMD=−0.1, 95% CI=−0.3, 0.2; P=0.69; I2=0%). 340 
Meta-analysis of RCTs and non-randomised, controlled trials [40, 54, 56-58, 60](n=6, n=354 341 
participants) showed no difference in lymphedema between exercise and control groups 342 
(SMD=−0.1, 95% CI=−0.3, 0.1; P=0.31; I2=0%).  343 
 344 
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Change in lymphedema-related symptoms following a single bout of exercise (Review 345 
one): 346 
Three studies assessed pain, heaviness and/or tightness in the affected limb pre-, 347 
immediately-post and 24 hours post-exercise. Overall there was no significant change in 348 
lymphedema-related symptoms immediately following (n=3 studies, n=190 participants, 349 
SMD=0.1, 95% CI=−0.1, 0.3; P=0.57; I2=0%) or 24 hours following (n=3 studies, n=190 350 
participants, SMD=−0.2, 95% CI=−0.4, 0.0; P=0.07; I2=0%) a single bout of exercise. 351 
Subgroup analyses showed no significant effects on heaviness (n=3 studies, n=78 352 
participants, SMD=0.0, 95% CI=−0.3, 0.3; P=0.98; I2=0%) and tightness (n=3 studies, n=78 353 
participants, SMD=−0.1, 95% CI=−0.3, 0.4; P=0.76; I2=0%) immediately following exercise 354 
or 24 hours following exercise (heaviness: n= 3 studies, n= 78 participants, SMD=−0.2, 95% 355 
CI=−0.5, 0.1; P=0.22; I2=0%; tightness: n=3 studies, n=78 participants, SMD=−0.2, 95% 356 
CI=−0.5, 0.1; P=0.23; I2=0%).  357 
 358 
Change in lymphedema-related symptoms following regular exercise (8 weeks or 359 
longer) training (Review one): 360 
Two studies assessed pain in the affected limb pre- and post-intervention. Pooled analysis 361 
showed no effect of exercise in reducing pain compared to the control group (n=2 studies, 362 
n=85 participants, SMD=−0.1, 95% CI=−0.6, 0.1; P=0.54; I2=0%). Participation in exercise 363 
training ranging from 8 and 12 weeks, also resulted in no significant effect on pain ratings in 364 
the affected limb (n=2 studies, n=55 participants, SMD=−0.2, 95% CI=−0.6, 0.2; P=0.28; 365 
I2=0%) 366 
 367 
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Effect of compression on lymphedema (Review two): The change in lymphedema between 368 
conditions (compression and no compression) across the individual studies is shown in Table 369 
5. Two acute studies reported a statistically significant reduction in arm volume (assessed by 370 
water displacement) immediately after performing exercise with compression, whereas there 371 
was no significant change in arm volume after performing exercise without compression [41, 372 
43]. No follow-up assessment was conducted beyond the immediately post-exercise time 373 
point; therefore, it is unknown whether these changes were sustained. Johannson et al. [42] 374 
reported a significant increase (P≤0.01) in total arm volume immediately following exercise, 375 
irrespective of compression use [42]. However, other assessments of lymphedema 376 
(lymphedema relative volume [P=0.06] , lymphedema absolute volume [P<0.05] and BIS 377 
[P=0.07] scores) increased only after performing exercise with compression [42]. Twenty-378 
four hours after exercise in both conditions, lymphedema displayed a tendency to decrease 379 
below baseline values. Following the first session of exercise, participants perceived exercise 380 
to be harder while wearing compression compared with exercise without compression, and 381 
there was no difference in pain or tightness ratings between conditions [42]. In the six-month 382 
study by Irdesel et al. [44], both groups displayed reductions in various circumference 383 
measurements and no worsening or onset of lymphedema-associated symptoms. Data was 384 
pooled from three studies (n= 138 participants) assessing the change in lymphedema 385 
immediately following a single bout of upper-extremity exercise performed with, versus 386 
without compression. Compared to exercise without compression, there was no significant 387 
effect in favour of compression use during exercise on lymphedema immediately following a 388 
single bout of upper-extremity exercise (SMD=−0.2, 95% CI=−0.5, 0.1; P=0.24; I2=0%).  389 
Publication Bias and sensitivity analyses 390 
Only published trials were included in this review. To evaluate potential degree of 391 
publication bias, funnel plots were assessed visually for asymmetry when at least 10 studies 392 
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were pooled [64]. All plots from Review one displayed symmetrical plots suggesting no clear 393 
evidence of publication bias (data not shown). There were an insufficient number of studies 394 
to create a funnel plot for Review two. Sensitivity analyses were undertaken and all effects 395 
were unchanged after removal of low quality studies.  396 
Adverse events 397 
While there were no adverse events reported during acute studies, four intervention studies 398 
from Review one reported events. Adverse events reported among single group pre-post 399 
studies included pneumonia (n=1), arm pain (n=1) and an increase in arm volume by >5% 400 
(n=1) [62] among participants with upper-limb lymphedema and cellulitis infections were 401 
reported among participants (n=2) with lower-limb lymphedema [63]. Due to the non-402 
randomised study designs, it is unclear whether these adverse events were due to exercise. In 403 
Review two, deep venous thrombosis (n=1, exercise group) and lymphangitis (n=1, exercise 404 
plus compression group) were reported [44]. Since adverse events reported reflect common 405 
events for those with secondary lymphedema in the absence of exercise, it highlights the 406 
importance of RCTs in establishing safety of exercise in this cohort. 407 
Discussion  408 
Summary of evidence 409 
Acute studies: Body of evidence provides some support for recommendation but care should 410 
be taken in its application. Overall there was evidence from two randomised trials and seven 411 
single group pre-post studies suggesting no significant change in arm volume immediately 412 
following a bout of exercise. Yet, many studies had a limited follow-up, with only one 413 
assessing lymphedema beyond the 24 hour post-exercise time point (72 hours post-414 
exercise[39]). Evidence evaluating change beyond the immediate post-exercise time point 415 
suggested transient increases in arm volume (i.e., lasting <24 hours) [49]. However, these 416 
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increases in arm volume coincided with significant reductions in symptom severity (e.g., 417 
heaviness and tightness) in the affected arm [49]. 418 
Intervention studies: Body of evidence provides some support for recommendation but care 419 
should be taken in its application.  Seven randomised trials and five single group pre-post 420 
trials evaluated the longer term effects of exercise. While no significant overall effect was 421 
observed, it is important to consider that lymphedema is considered a progressive condition 422 
and thus regular exercise may be an important strategy for preventing the progression of 423 
swelling, as well as improvement in strength and the capacity to perform activities of daily 424 
living with the affected limb [65].  425 
 426 
Exercise mode: Body of evidence provides some support for recommendation but care should 427 
be taken in its application. Most work has involved resistance exercise, with limited work 428 
evaluating other modes of exercise. Nonetheless, findings and effect sizes were consistent 429 
and irrespective of exercise mode, there is minimal risk of lymphedema exacerbation, or 430 
worsening of symptoms. Resistance exercise studies consistently demonstrated that resistance 431 
exercise does not exacerbate lymphedema, with several studies reporting favorable outcomes 432 
on lymphedema and associated symptoms [49, 60]. Although resistance exercise had minimal 433 
effect on limb swelling, clinically relevant improvements can occur in the number and 434 
severity of associated symptoms, the ability to perform common activities of daily living with 435 
the affected limb and the extent to which lymphedema symptoms interfere with daily living 436 
[65]. Preliminary evidence from a single group pre-post study suggested aerobic exercise 437 
may improve swelling and symptom severity if regularly performed over eight weeks at a 438 
moderate to high frequency and intensity [53]. Of note though, while the form of aerobic 439 
exercise performed in two of the three aerobic exercise studies (pole walking) involved 440 
dynamic upper- and lower-body motion, this type of aerobic exercise may not be reflective of 441 
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alternative forms (e.g., stationary cycling). Two studies examined mixed exercise; both were 442 
RCTs [56, 59] with findings supporting the notion that participation in combined aerobic and 443 
resistance training is safe for those with upper-limb lymphedema, and that at minimum, 444 
lymphedema does not worsen. Overall, studies involving other forms of exercise (i.e., not 445 
resistance- or aerobic-based) are primarily limited to small-scale exploratory studies with 446 
small sample sizes. Four acute studies [41, 45, 48, 52] categorised as ‘other exercise’ reported 447 
significant reductions in limb swelling immediately post-exercise, although pooled effects 448 
were non-significant. Additionally, ‘other exercise’ studies were limited to the use of only 449 
one method to assess limb swelling (either circumferences [45, 47] or water displacement 450 
[46, 48, 51]), and did not include any subjective outcomes of symptom severity.  451 
 452 
Compression garment use during exercise: Body of evidence is weak and recommendation 453 
must be applied with caution. Key findings of the effects of compression use during exercise 454 
were: 1) there appears to be no consistent benefit of wearing compression for lymphedema 455 
and associated symptoms; 2) performing exercise without compression does not exacerbate 456 
lymphedema; and 3) there seems to exist positive and negative effects of wearing 457 
compression during exercise. However, overall there was insufficient evidence and the 458 
findings of this systematic review and meta-analysis are unable to support or refute the 459 
current clinical recommendation for the use of compression during exercise. Only one 460 
randomised trial with long-term outcomes and three single-group crossover trials involving a 461 
single bout of exercise evaluated the effect of compression. Small sample sizes (ranging from 462 
n=18 to 31), no sample size calculations, a lack of participant and assessor blinding and 463 
limited follow-up periods were common across the four studies. Discrepancies in results and 464 
the authors’ conclusions, limitations in study designs, methods and inadequate reporting also 465 
precluded a comprehensive assessment of the effect of compression and interpretation of 466 
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results. Only one study adequately reported outcomes of symptom severity of the affected 467 
limb, exercise protocols and garment details (i.e., pressure and extent of garment use) [42]. It 468 
is important to consider the range of reported effects of compression across studies, which 469 
included reductions and increases in arm volume, and higher ratings of perceived exertion 470 
during exercise as a result of wearing compression. Due to the wide range of effects that may 471 
result from the use of compression during exercise, the recommendation to wear compression 472 
should be applied on an individual basis.  473 
 Overall, findings from this systematic review and meta-analysis show that exercise 474 
performed at doses and intensities (Table 3) comparable to that recommended following 475 
cancer [2] does not result in a worsening of lymphedema and associated symptoms of the 476 
affected limb and may be beneficial for individuals with cancer-related lymphedema. That is, 477 
if a change was observed, it was in the positive direction, albeit small and not supported 478 
statistically. The benefits derived from wearing compression during exercise are however, at 479 
this stage, unclear. 480 
Most studies included in our review involved women with breast cancer. Findings from 481 
previous reviews involving women with breast cancer have demonstrated that following 482 
treatment, multifactorial physical therapy and active exercises are effective in treating post-483 
operative pain and impaired joint range of motion [29]. Other reviews have reported that 484 
resistance exercise following breast cancer treatment does not increase the risk of developing 485 
lymphedema [27], and is safe and beneﬁcial in improving muscle strength and quality of life 486 
in women with, or at-risk of lymphedema [66]. Our findings support and extend these 487 
findings by evaluating lymphedema specific outcomes and demonstrating the safety and 488 
potential importance of various modes of exercise in those with cancer-related lymphedema. 489 
To date, the highest quality RCT evaluating the effect of exercise on cancer-related 490 
lymphedema involved a 12-month resistance-exercise intervention and found that compared 491 
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with those in the control group, those in the exercise group reported a lower incidence of 492 
lymphedema exacerbations and greater improvements in symptom severity [60]. Resistance 493 
exercise targets improvements in muscular strength and endurance, and contraction of 494 
skeletal muscle and respiration stimulates lymph flow. Thus, the promoting participation in 495 
regular resistance-exercise for those with secondary lymphedema seems warranted. However, 496 
findings from this review highlight consistency in lymphedema effect, irrespective of 497 
exercise mode, and that therefore, promoting participation in regular mixed-mode exercise, 498 
rather than participation in a specific exercise mode, is warranted. This is important because 499 
affording individuals the choice of exercise mode has been shown to improve long-term 500 
exercise adherence [67, 68]. While we still have much to learn with respect to the effect of 501 
exercise on lymphedema, future research must also focus on understanding ways to assist 502 
people to become and stay active, while managing their lymphedema.   503 
Findings from the meta-analysis showed no difference in change in limb swelling following 504 
exercise interventions lasting less than 12 weeks compared with interventions lasting longer 505 
than 12 weeks. This suggests that no detrimental effects of exercise on limb swelling are 506 
experienced during the initial stages of commencing exercise, as well as during exercise over 507 
a longer period. However, it is also important to recognise that in the absence of treatment, 508 
lymphedema may progress and that findings from the exercise studies involving intervention 509 
of 12 or more weeks, suggest that exercise may play an important role in preventing 510 
progression. Also of note, is that many of the studies included in this review involved a 511 
highly supervised component to the prescribed intervention and that the starting intensity and 512 
progression of exercise was individualised, based on symptom response. Supervision of the 513 
exercise intervention by a qualified health professional likely plays an important role in 514 
optimising exercise adherence. It also enabled perceived changes in lymphedema and 515 
symptom severity to be closely monitored, and in one particular study, alleviated patients’ 516 
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concerns that changes in symptoms were associated with worsening lymphedema [56]. The 517 
supervision of exercise was also highlighted as being crucial for ensuring correct exercise 518 
technique and to minimise injury risk, which was considered particularly important for this 519 
cohort [2]. Thus, in translating findings from this review into the clinical context, adequate 520 
supervision and close monitoring of exercise progression is considered important.  521 
While the current clinical recommendation for individuals with secondary lymphedema is to 522 
wear compression during exercise, our findings suggest there is insufficient evidence to 523 
support or refute this recommendation. The evidence was limited by the moderate to high risk 524 
of bias in the respective studies. All studies included in the pooled analyses were acute 525 
studies involving a single group, cross-over design. Among the small number of studies 526 
addressing this topic, the effects of compression use during exercise ranged from reducing 527 
limb swelling, to causing temporary increases in swelling, and resulting in higher ratings of 528 
perceived exertion during exercise. Additionally, the evidence base was limited primarily to 529 
studies involving single bouts of exercise, and not regular exercise. Thus, findings suggest 530 
that the recommendation to wear or not wear compression should be considered on an 531 
individual basis, taking into consideration patient preferences and individual effects.  532 
Study Limitations 533 
Findings from this review should also be considered in light of the limitations of the 534 
contributing studies. Over half (67%, n=14) of studies from Review one and 75% (n=3) of 535 
studies from Review two were rated as ‘weak’ or ‘moderate’ in quality, suggesting a high risk 536 
of bias. No study rated strongly in the component of selection bias. The generalisability of 537 
findings to the wider population with breast cancer-related lymphedema, but also to those 538 
with cancer-related lower-limb lymphedema or primary lymphedema is limited. Study 539 
samples predominantly included women with stable and mild, unilateral breast cancer-related 540 
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lymphedema, who were generally sufficiently physically active prior to study participation. 541 
As many participants were accustomed to exercise, it is plausible that the ability to assess 542 
safety and feasibility was compromised. As such, the safety, feasibility and effectiveness of 543 
exercise for individuals with fluctuating and/or more severe lymphedema, or for those 544 
unaccustomed to exercise cannot be determined from this work, and should be a focus for 545 
future research. Another source of bias was blinding, with 90% of studies rating as ‘weak’ or 546 
‘moderate’ in participant and assessor blinding. While participant blinding is not possible in 547 
exercise trails (or the use compression during exercise trials), very few included studies 548 
involved blinding of assessors. Nonetheless, objective assessment of the primary outcome 549 
minimises the impact of this potential bias of findings. 550 
Although our funnel plots indicated no apparent evidence of publication bias, this meta-551 
analysis included only published literature and it is possible that the omission of unpublished 552 
studies may have resulted in publication bias. Studies reporting no significant effects are less 553 
likely to be published and the inclusion of unpublished trials may minimise bias [35, 69]. 554 
Exercise has traditionally been discouraged in lymphedema due to the previous belief that 555 
lymphedema would worsen. Due to the importance of identifying the safety and potential 556 
harm of exercise for individuals with secondary lymphedema, in this context it is unlikely 557 
that studies demonstrating harm (i.e., a worsening of lymphedema) would remain 558 
unpublished. Therefore, attempts to identify and include unpublished literature would not be 559 
expected to alter our conclusions.  A further limitation of this work is that data extraction was 560 
not blinded and the search, identification and retrieval of studies was conducted by one 561 
author. However, efforts were made to reduce subjective bias [70] and multiple search 562 
strategies were implemented using broad search terms to minimise bias resulting from narrow 563 
search strategies.   564 
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Conclusion  565 
In summary, exercise, irrespective of mode, appeared to have no effect on lymphedema and 566 
related-symptoms. This is contrary to patient fears that exercise may lead to a worsening of 567 
lymphedema. Given the well-established benefits of exercise post-cancer with respect to 568 
improvements in function, health, quality of life and potentially survival, findings from this 569 
review and meta-analysis suggest that promotion of physical activity guidelines for cancer 570 
survivors is relevant for cancer survivors with lymphedema.  Unfortunately, there is 571 
insufficient scientific evidence at this point, to support or refute the current clinical 572 
recommendation to wear compression garments during exercise participation. As such, its 573 
application should be considered on an individual-basis taking into consideration stage, 574 
history and stability of lymphedema, climate, patient adherence and preference.     575 
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